Introduction 1 2
Receptor kinases (RKs) constitute a large gene family in plants with more than 600 3 members in A. thaliana, and are key to ligand-mediated signalling pathways in plant 4 immunity and development (Shiu and Bleecker, 2001) . Only a handful of RKs have been 5 studied in detail and matched with their cognate ligand, of which FLAGELLIN SENSING 2 6 (FLS2), EF-TU RECEPTOR (EFR), and XA21 encode leucine-rich repeat (LRR)-RKs 7 conferring perception of microbe-associated molecular patterns (MAMPs) from bacteria in 8
Arabidopsis and rice (Oryza sativa), respectively, (Zipfel, 2009) . Perception of the fungal 9 MAMP chitin involves the LysM-RK CHITIN ELICITOR RECEPTOR KINASE 1 10 (CERK1). FLS2 detects a conserved peptide at the N-terminus of bacterial flagellin (flg22) 11
and forms an inducible complex with BRI1-ASSOCIATED KINASE 1/SOMATIC 12 EMBRYO RECEPTOR KINASE 3 (BAK1/SERK3), an LRR-RK initially identified as co-13 receptor of BRASSINOSTEROID INSENSITIVE 1 (BRI1) regulating brassinosteroid 14 signalling and now reported to also act in various immune pathways and cell death control 15 (Chinchilla et al., 2009; Postel et al., 2010; Schulze et al., 2010; Fradin et al., 2011; 16 Schwessinger et al., 2011) . The manifold phenotypes of bak1/serk3 mutant plants suggest that 17 BAK1/SERK3 can potentially interact with multiple RKs to regulate a number of different 18 signalling pathways. This offers the possibility for molecular crosstalk between different RK-19 mediated signalling pathways, as recently demonstrated for brassinosteroid signalling 20 negatively impacting flg22 responses (Albrecht et al., 2012; Belkhadir et al., 2012 ). At the 21 molecular level, BAK1/SERK3 was shown to transphosphorylate BRI1 and EFR (Wang et 22 al., 2008; Chen et al., 2010; Schwessinger et al., 2011) . Moreover, BRI1, FLS2 and EFR can 23 associate with other members of the SERK family revealing some levels of functional 24 redundancy (Albrecht et al., 2008; Roux et al., 2011) . 25
Interaction between the ligand-binding RKs BRI1, FLS2, EFR and BAK1/SERK3, 26 respectively, is required for proper downstream responses (Chinchilla et al., 2007) . One of the 27 earliest responses stimulated by MAMPs are changes in ion fluxes across the plasma 28 membrane, which result in an increased level of calcium ions (Ca 2+ ) in the cytosol (Blume et 29 al., 2000; Wendehenne et al., 2002; Jeworutzki et al., 2010) . Ca 2+ acts as an important second 30 messenger for a multitude of biotic and abiotic stimuli, whereas different signals trigger 31 unique Ca 2+ signatures (Dodd et al., 2010; Kudla et al., 2010) . MAMPs typically induce a 32 transient Ca 2+ burst, resulting in a rapid (within seconds) increase of free cytosolic Ca 2+ , 33 which subsequently (within minutes) declines to steady-state Ca 2+ levels (Blume et al., 2000; 34 Ranf et al., 2008) . The Ca 2+ burst occurs upstream of many MAMP-elicited responses 1 including the rapid production of reactive oxygen species (ROS), activation of signalling 2 kinases, as well as changes in gene expression (Blume et al., 2000; Boller and Felix, 2009; 3 Ranf et al., 2011; Segonzac et al., 2011) . However, genetic studies and identification of the 4 underlying molecular components of the MAMP-induced Ca 2+ burst are largely missing (Ranf 5 et al., 2008; Boller and Felix, 2009 ). In general, cytosolic Ca 2+ levels are regulated by plasma 6 membrane-and endomembrane-bound Ca 2+ channels that mediate influx of Ca 2+ and efflux 7 transporters that re-establish Ca 2+ homeostasis. A number of ion channels have been 8 identified, some of which have roles in plant immunity such as DEFENSE NO DEATH 1 9 (DND1) (Clough et al., 2000; Lamotte et al., 2004; Kudla et al., 2010) . Recently, ionotropic 10 glutamate receptor-like proteins (iGLRs) were shown to regulate Ca 2+ influx at the plasma 11 membrane and were also implicated in MAMP-induced responses (Cho et al., 2009; 12 Kwaaitaal et al., 2011; Michard et al., 2011; Vatsa et al., 2011) , and an ER-localized P2A-13 type Ca 2+ ATPase was described to contribute to pathogen-induced cell death and to alter the 14 MAMP-triggered Ca 2+ burst (Zhu et al., 2010) . The relevance of Ca 2+ influx in MAMP-15 elicited responses is underlined by polysaccharides secreted from bacterial pathogens to 16 chelate Ca 2+ in the apoplastic space (Aslam et al., 2008) . 17
Here, we report that the plasma membrane resident P2B-type Ca 2+ ATPase ACA8 18 interacts with FLS2 in planta. Loss-of-function aca8 plants, the mutant of its closest 19 homologue aca10, and the aca8 aca10 double mutant were more susceptible to bacterial 20 
ACA8 interacts with FLS2 and other RKs 3
In a proteomics approach, we previously isolated proteins co-localizing to FLS2 in 4 plasma membrane microdomains (Keinath et al., 2010) . To address whether some of these 5 proteins can associate with FLS2, we focussed on Ca 2+ ATPases, which have also been 6 identified as differentially phosphorylated and transcriptionally induced in response to flg22 7 (Zipfel et al., 2004; Benschop et al., 2007) . ACA8 and ACA10 belong to the family of type 8 2B auto-inhibited Ca 2+ ATPases consisting of ten members in Arabidopsis (Figure S1A Boursiac and Harper, 2007) . These Ca 2+ ATPases comprise ten transmembrane spanning 10 domains, harbour a calmodulin binding domain for auto-inhibition of the ATPase active site, 11
and can localize to different membrane compartments (Boursiac and Harper, 2007) . ACA8, 12 ACA9 and ACA10 group into a distinct subfamily and accumulate at the plasma membrane 13 (Bonza et al., 2000; Hwang et al., 2000; Lee et al., 2007) . While ACA9 expression is 14 restricted to pollen and thereby is critical for pollen tube development, ACA8 and ACA10 are 15 expressed throughout the plant and have not yet assigned any specific function besides 16 inflorescence growth (Schiott et al., 2004) . 17
We transiently expressed FLS2 and ACA8 fused to the N-and C-terminal halves of 18 YFP, respectively, in Nicotiana benthamiana and examined possible protein-protein 19 interactions by confocal microscopy in a so-called bimolecular fluorescence complementation 20 (BiFC) assay (Bracha-Drori et al., 2004) . In this assay, we observed reconstitution of the YFP 21 molecule by detection of fluorescence when expressing FLS2 fused to both of the YFP halves 22 indicative of FLS2 homodimerization ( Figure 1A ). We also observed BiFC when FLS2 was 23 co-expressed with ACA8. As BiFC assays are based on transient expression in a heterologous 24 system, the tagged proteins can accumulate to high levels facilitating the reconstitution of a 25
BiFC signal, and thus ACA12, BRI1 and CLV1 were included as controls. No YFP 26 reconstitution could be detected upon co-expressing of FLS2 and ACA12, another plasma 27 membrane resident Ca 2+ ATPase. Notably, ACA8 showed a broader interaction pattern, 28 because BiFC was also observed with other RKs such as BRI1 and CLV1, of which the latter 29 is functioning in stem cell identity maintenance and is normally not expressed in leaf tissue 30 (Waites and Simon, 2000) . Similar to FLS2, both BRI1 and CLV1 formed homodimers in this 31 assay, but unlike FLS2 they also interacted with ACA12 ( Figure 1A) . In all cases of BiFC, the 32 YFP signal was recorded at the cell periphery suggesting complex formation at the plasma 33
membrane. 34
To further overcome limitations of BiFC assays we performed Förster Resonance 1 Energy Transfer (FRET) measurements on the basis of Fluorescence Lifetime Imaging 2 Microscopy (FLIM) using respective FLS2 and ACA8 fusions to CFP or YFP. FRET can be 3 detected using FLIM where reduction of the fluorescence lifetime of a donor-containing 4 molecule occurs due to proximity of an acceptor-containing molecule, which is an indication 5 of physical interaction. We examined FLS2-ACA8 association in protoplasts from soil-grown 6 Arabidopsis plants. Under this condition we observed a significant reduction in fluorescence 7 lifetime when FLS2-CFP and ACA8-YFP were co-expressed as compared to the fluorescence 8 lifetime of ACA8-CFP alone ( Figure 1B ; Table S1 ). Similar results were obtained when we 9 used FLS2-CFP and ACA8-YFP. This suggests that both proteins are in close proximity to 10 each other, indicative of protein-protein interaction. Interaction of fluorophore-tagged FLS2 11 and ACA8 was detected at the plasma membrane, which is in line with the subcellular 12 localization of the two proteins and substantiates our findings of BiFC in N. benthamiana. 13
However, interaction of fluorophore-tagged FLS2 and ACA8 was not distributed uniformly 14 across the plasma membrane, but seen as patchy areas with strongly reduced fluorescence 15 lifetimes ( Figure 1B) , which indicates the presence of FLS2-ACA8 complexes were restricted 16 to subdomains within the plasma membrane. This observation is in agreement with the notion 17 that FLS2 and ACA8 can localize to flg22-induced plasma membrane microdomains (Keinath 18 et al., 2010) . Despite numerous attempts we failed to clone a full-length ACA10 cDNA, which 19 precluded analysis of ACA10 by fluorophore-based interaction assays. Despite poor results 20 by co-immunoprecipitation analysis, pull-down experiments of FLS2-GFP followed by mass-21 spectrometric analysis repeatedly revealed presence of ACA8 and ACA10 peptides, further 22 corroborating the existence of FLS2-ACA8 and FLS2-ACA10 complexes in planta (Figure  23 S2). Taken together, these results indicate that FLS2 forms a complex with ACA8 at the 24 plasma membrane, and ACA8 can interact with multiple RKs, pointing at an important role in 25 the regulation of RK-mediated signalling pathways. 26
27

ACA8 and ACA10 exhibit partial overlapping functions 28
To address ACA8 function, we isolated a T-DNA insertion line and a tilling mutant 29 (both in Col-0 genetic background) in the ACA8 gene (Fig. S1B) . Genetic redundancy within 30 members of the ACA family has been documented, and could be expected for members of the 31 ACA8, ACA9, ACA10 subgroup (Boursiac and Harper, 2007) . Because ACA9 expression was 32 specific to pollen tubes, we focussed on ACA10, isolated a T-DNA insertion line in the 33 ACA10 gene, and generated aca8 aca10 double knock-out lines ( Figure S1C ). In addition, wecrossed a 35S::ACA8-GFP expressing transgenic line into the aca8 aca10 double mutant. 1
Single aca8 mutants displayed no obvious developmental phenotypes (Figure 2 ). By contrast, 2 aca10 mutant plants were reduced in inflorescence height and displayed increased axillary 3 stem formation, which was further enhanced in aca8 aca10 plants (Figure 2A ). This 4 phenotype was also present in aca10 plants crossed with the aca8 Q70* tilling mutant ( Figure  5 S3), and could be rescued by ectopic ACA8-GFP expression, demonstrating functional 6 complementation by the GFP fusion protein (Figure 2A ). Redundant functions of ACA8 and 7 ACA10 in the regulation of inflorescence height were previously reported in Arabidopsis 8 Wassilewskaja (Ws) background (George et al., 2008) . Differences between the single 9 mutants may result from an incomplete overlap of the ACA8 and ACA10 expression patterns. 10
We did not observe any obvious mutant phenotype in rosette leaf development among the 11 genotypes ( Figure 2B ), while aca8 aca10 mutants showed significantly reduced root growth 12 when cultivated in vitro ( Figure 2C ). Reduction in root growth was affecting primary root 13 length and could be correlated with an early differentiation of stem cells compared to wild 14 type plants ( Figure S3 Figure 3A ; Figure S5 ). The overall pattern of the transient increase of Ca 2+ remained similar 30 between wild type and the aca8 Aeq and aca10 Aeq genotypes, but the maximal influx (peak) 31 of the Ca 2+ signature was affected in aca8 aca10 Aeq plants ( Figure S5 ). The Ca 2+ burst in 32 response to chitin was slightly reduced in aca8 aca10 Aeq lines and for all other genotypes 33 indistinguishable from wild type ( Figure 3A) . The lower peak in flg22-induced cytosolic Ca 2+ influx in the double mutant demonstrates that ACA8 and ACA10 both contribute to the flg22-1 elicited Ca 2+ burst and indicates a role for these proteins in the regulation of FLS2-mediated 2 early responses. 3
Production of ROS upon MAMP treatments is mediated by plasma membrane-4 resident NADPH oxidases, which depend on Ca 2+ signalling for their function (Kobayashi et 5 al., 2007; Mersmann et al., 2010) . We examined the flg22-triggered oxidative burst and 6 detected no significant differences between wild-type plants and the aca8 and aca10 single 7 mutants, while the aca8 aca10 double mutant displayed an overall decreased ROS production 8 when treated with flg22 ( Figure 3B ). ROS production upon chitin treatment remained 9 comparable to wild type in all tested mutants. (Table S2) . Most remarkably, genes belonging to the GO 28 categories "calcium ion binding" and "cation binding" were overrepresented among the genes 29 that show higher transcript levels in the aca8 aca10 double mutant (Table S2 ). The first 30 category includes genes coding for CaM-like proteins such as CML35, CML36, CML41, 31 CML45, CML46, CML47 (McCormack et al., 2005) . Increased expression of CaM-like genes 32 could be a compensatory mechanism to counteract the deficiency in extruding Ca 2+ ions from 33 the cytosol in aca8 aca10 plants. 34
Only a small number of the aca8 aca10 de-regulated genes were associated with plant 1 defence ( Table S2) . One of them encodes ACD6, a regulator of SA-mediated disease 2 resistance (Lu et al., 2003) . Significantly reduced ACD6 transcript levels in aca8 aca10 plants 3 may contribute to the enhanced susceptibility to PtoDC3000. To find out whether any of the 4 other genes that exhibit differential transcript levels in aca8 aca10 has a potential role in 5 MAMP-triggered immunity, we searched publicly available transcriptome databases and 6 identified 27 of the aca8 aca10 up-regulated genes to be induced in response to MAMP 7 treatments ( Figure S6A ). We then focussed on genes downstream of flg22 Ca 2+ signalling 8 (Boudsocq et al., 2010) . There was only little overlap between the aca8 aca10 de-regulated 9 and CDPK-dependent genes ( Figure S6C ), which could be due to the different plant materials 10 used for transcript profiling. We therefore studied flg22-induced expression of selected 11 To examine a possible role of ACA8 and ACA10 in plant anti-bacterial immunity, all 7 genotypes were spray-inoculated with virulent Pseudomonas syringae pv. tomato DC3000 8 (PtoDC3000), an infection that is defeated utilizing the FLS2 pathway (Zipfel et al., 2004) . 9
Bacterial growth and disease symptom development were monitored three and five days post 10 inoculation, respectively. PtoDC3000 multiplied to high titers in aca8 and aca10 single as 11 well as in aca8 aca10 double mutants, which was comparable to those detected in immune-12 compromised fls2 mutants ( Figure 5A ). This enhanced susceptibility was reduced to wild type 13 levels in the transgenic ACA8-GFP complementation line. Moreover, disease symptom 14 development of aca8 and aca10 single and double mutants was correlated with the enhanced 15 susceptibility phenotype ( Figure 5B ). Despite 35S-driven ectopic expression of ACA8-GFP, 16 no increased resistance against PtoDC3000 could be detected in the transgenic line. Similarly, the recently suggested GLR-type Ca 2+ channels have been implicated in 31 cryptogein-and flg22-triggered responses by pharmacological approaches, however, genetic 32 evidence for their involvement in MAMP signalling is still lacking (Kwaaitaal et al., 2011; 33 Michard et al., 2011; Vatsa et al., 2011) . Ca 2+ homeostasis is also controlled through the 34 function of Ca 2+ ATPases, and our data show that FLS2 forms a complex with ACA8. It is 1 possible that FLS2 transphosphorylates the Ca 2+ ATPase to regulate its activity, as ACA10 is 2 differentially phosphorylated upon flg22 treatment (Benschop et al., 2007) . 2010). Our data on ACA8 and ACA10 unexpectedly revealed a reduction in the MAMP-10 induced Ca 2+ burst. We cannot exclude the possibility that other members of the ACA family 11 such as ACA12 and ACA13 may substitute at least partially for ACA8 and ACA10 function 12 in the mutant backgrounds as evidenced by the increased ACA12 and ACA13 transcript levels 13 upon flg22 elicitation. This would indicate that the observed phenotypes of aca8 aca10 14 mutants are rather an indirect effect. However, ACA12 did not associate with FLS2 in our 15
BiFC analysis, ACA12 and ACA13 transcript levels were not generally increased in aca8 16 aca10 mutants, and our transcriptome data did not point at obvious expression changes of any 17 other member of the ACA family. Alternatively, it is possible that the enhanced transcript 18 levels of CaM-like genes in aca8 aca10 plants reflect a mechanism to compensate for 19 elevated steady-state levels of cytosolic Ca
2+
. This may in turn lead to the decreased influx of 20
Ca
2+ into the cytosol, because CaM-like proteins were shown to regulate cyclic nucleotide-21 gated channels (CNGCs), a class of cation channels with a documented role in Ca 2+ influx 22 (Ali et al., 2007; Boursiac and Harper, 2007) . CaM-like proteins can also activate Ca 2+
23
ATPases and are thus key regulators of Ca 2+ homeostasis (Boursiac and Harper, 2007) . 24
However, we cannot exclude a yet unknown modality of Ca 2+ ATPase function implying a 25 direct rather than indirect action. Based on current knowledge it is possible to speculate that 26 
immunity. 34
MAMPs are known to trigger a Ca 2+ burst, one of the most upstream responses in 1 defence signalling (Boller and Felix, 2009; Segonzac et al., 2011) . However, the molecular 2 components underlying the complex regulatory network regulating the Ca 2+ fluxes are still 3 poorly described. In this study, we identified two plasma membrane Ca 2+ ATPases, ACA8 4 and ACA10, which based on mutant loss-of-function data act as positive regulators of early 5 MAMP responses. Our findings further illustrate the importance of coordinated and fine-6 tuned MAMP responses, including Ca 2+ signalling, for plant immunity. Given the altered 7 MAMP-induced MAPK-/CDPK-dependent transcriptional changes together with the ACA8-8 FLS2 complex formation at the plasma membrane, our results suggest a mechanistic link 9 between the receptor complex and signalling kinases via the secondary messenger Ca Table S3 ). Arabidopsis plants grown on soil were kept under short 4 day conditions for 4-5 weeks. Arabidopsis seedlings were in vitro grown on plates or liquid 5 containing MS-medium and 1 % sucrose and kept under long day conditions for 10-14 days. 6 N. benthamina plants were soil-grown under long day conditions for 4-5 weeks. 7 8 Bimolecular fluorescence complementation 9
Yn, ACA12-Yc and ACA12-Yn constructs were made by PCR cloning the corresponding 11 full-length cDNAs using the Gateway technology in the pAMPAT destination vector series, 12 and introduced into A. tumefaciens strain GV3101 carrying the p19 silencing suppressor 13 (Voinnet et al., 2003; Lefebvre et al., 2010) . Overnight cultures were diluted OD 600 = 0.1 in 14 water supplemented with 100 μ M acetosyringone and inoculated into 4 weeks-old N. 15 benthamiana leaves. Leaf samples were imaged at 1 dpi using a Leica confocal TCS SP5 16 microscope with the Leica LAS AF system software. YFP emission and chlorophyll 17 autofluorescence were detected at emission spectra 520 to 600 nm and 680 to 780 nm, 18 respectively, after excitation at 488 nm. All samples were imaged with the 20x objective. (Table S1 ). Statistical significance of differences between donor only and donor-4 acceptor combinations was determined using a Student's T-test. 5 6
Ca
2+ measurements 7
12 days-old sterile grown seedlings in liquid medium were supplied with 100 µl MS 8 medium containing 10 µM coelenterazine (BIOSYNTH, Switzerland) and dark incubated 9 overnight. Seedlings were supplied with fresh 100 µl MS medium and dark incubated for 10 30 min. Aequorin measurements were performed using the Centro LB960 luminometer 11 system (Berthold Technologies, Germany). Luminescence from single wells was detected 12 over 0.25 sec and each well was measured every 30 sec. After 2 min of measurement, flg22 13 (EZBiolab, US) and chitin (SIGMA, Germany) were added to final concentrations of 1 µM or 14 0.1 mg/ml, respectively, and luminescence was measured over 40 min. 
20
transients were compared between treatments within one experiment unless stated otherwise. 21
Significant differences were evaluated using ANOVA with Tukey-HSD test. 22
23
ROS measurements 24
Leaf discs of five weeks-old plants were used for ROS measurements as previously 25 described (Segonzac et al., 2011) . Oxidative burst was elicited with 100 nM flg22 or 100 26 ug/mL chitin oligosaccharide; a negative control without MAMP elicitation was included in 27 all experiments. Luminescence was measured over time using an ICCD photon-counting 28 camera (Photek). 29
30
Biochemical analysis 31
Western blotting: Proteins were separated on 10 % SDS-PAGE gels, transferred onto 32 PVDF membranes using a semi-dry transfer system followed by blocking in 5 % milk or 3 % 33 BSA. Antibodies were diluted as follows: anti-p42/44 MAPK (Cell Signalling Technology; 34 1:1000), anti-FLS2 (see (Mersmann et al., 2010) ; 1:5000) AP-conjugated anti-rabbit 1 (SIGMA; 1:20,000 to 1:30,000). Alkaline-phosphatase activity was detected using the CDP-2
Star (ROCHE). 3
MAPK assay: 14 days-old seedlings grown on MS plates were sprayed with 2 μ M flg22 for 0, 4 5, 15 or 60 min before harvest. 100 mg of plant material was ground and solubilised in 200 5 μ L buffer (50 mM Tris-HCl pH 7.5, 150 mM NaCl, 10 % glycerol, 1 mM EDTA, 10 mM 6 NaF, 2 mM NaVO3, 25 mM β -glycerophosphate, 1mM Pefabloc, 1mM DTT, 1 mM PMSF, 7 0.1 % Tween 20) supplied with 3.4 μ L/100 mg FW protease inhibitor cocktail (SIGMA). 8
Extracts were centrifuged, solubilised by 5 min boiling in 2 % SDS Laemmli buffer, and 9 equal amounts were loaded onto SDS gels. MAPK activation was detected with anti-p42/44 10 MAPK antibodies. 11 12
Transcript profiling 13
For qRT-PCR analysis, 14 days-old sterile grown seedlings were untreated or treated 14 with 1µM flg22 for 1h or 24 h. RNA was extracted and DNA digested using the RNeasy plant 15 mini kit and the RNase-Free DNase Set (QIAGEN, Germany). 2µg of RNA was used to 16 synthesize cDNA using the Superscript II enzyme (INVITROGEN). 1µL of a 10x dilution of 17 the cDNA was used for each quantitative PCR, using a Bio-Rad iQ5 apparatus and SYBR 18 Green I detection. All oligonucleotides used in this study are summarized in Table S3 . J.W.B., R.P., and S.R. analysed data; and S.R. wrote the paper. 7 8
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The authors have declared that no competing interests exist. rinsed with water, cleared with chloral hydrate and analyzed using differential interference 6 contrast optics on a Olympus BX53 light microscope and imaged using a Nikon DS-Fi1 7 digital camera (Lee et al., 2007) . between Col-0 and aca8 aca10 at p<0.05 (*) and p<0.01 (**) based on Student´s T-test. 10 11 Table S1 . Fluorescence lifetime analysis of the FLS2-ACA8 interaction. Student's T-test was 12 performed comparing donor only (CFP protein fusion) to cells expressing donor and acceptor 13 (YFP protein fusion). 14 15 Table S2 . Microarray expression data of aca8 aca10 de-regulated genes. For Affymetrix 16 Tiling 1.0R array analysis, seedlings were grown sterile for 7 days on plates (1/2 MS, 1% 17 sucrose) under short day conditions. A total of three biological replicates each representing 18 approximately 50 seedlings were analysed. RNA was extracted using the RNeasy Plant Mini 19 Kit (QIAGEN, Germany) and qualitatively checked using an Agilent 2100 Bioanalyzer. 20
Hybridization and data analysis were performed as described before (Naouar et al., 2009) . In 21 brief, probe-level data were pre-processed using the RMA algorithm (Irizarry et al., 2003) , 22 which involves three steps: (i) background correction -where an error component of the 23 intensities is estimated and eliminated; (ii) quantile normalization -where every slide is 24 normalized to have the same cumulative frequency distribution; and (iii) summarization, 25 using the median polish algorithm -where the median values per probe set, adjusted for slide 26 differences, are calculated. On the basis of an empirical Bayes moderated t-statistic for the 27 contrasts (Smyth, 2004) , as implemented in the Bioconductor package limma, p-values were 28 calculated and then transformed into false-discovery rates (FDR). The false discovery rate 29 (FDR) control is used in multiple hypothesis testing to correct for multiple comparisons. In a 30 list of rejected hypotheses, FDR controls the expected proportion of incorrectly rejected null 31 hypotheses (type I errors). Data can be accessed from Genbank. Quantitative real-time PCR 32 was used to validate a selection of differentially regulated genes in aca8 aca10. Actin was 33 used as control. Fold change expression between Col-0 and aca8 aca10 +/-standard 34 deviation (n = 3 biological repeats) is indicated. All genes tested are significantly 1 differentially expressed (Student's T-test : p< 0.05) unless for AT5G64870. 2 3   Table S3 . List of all oligonucleotides used in this study. 4 Figure 1 . Figure S2 . Identification of ACA8 and ACA10 peptides by mass-spectrometry analysis of immuno-purified FLS2-GFP. 21 in vitro grown seedlings were used either untreated or treated with flg22. Sample preparations, immuno-purifications and MS/MS analysis were performed essentially as described in Roux et al. (2011) . Briefly, immuno-purifications of GFP-tagged proteins were done using the magnetic GFP-trap system from Miltenyi Biotech using an IGEPAL-solubilised protein extract (4 mg protein per mL). Beads were washed with 0.1% IGEPAL extraction buffer prior to elution in boiling Laemli buffer. A. Peptide coverage of ACA8 and ACA10 proteins identified in an FLS2-GFP immuno-purified complex. Peptides found in untreated samples are highlighted in green, peptides found in flg22-elicited samples are in orange, peptides found in both conditions are indicated in blue, peptides found in all biological replicates of untreated and treated samples are shown in bold. B. Tryptic peptides identified by HPLC-electrospray ionization-MS/MS analysis. Peptides occurring in all biological replicates are marked in bold. Reproducibility ( a ) of specific tryptic peptides out of three biological replicates of untreated or flg22-treated samples prepared from Arabidopsis plants expressing FLS2-GFP. In brackets, no peptides were detected in technical controls using wild-type plants (n=2) or plants expressing a plasma membrane addressed GFP (Lti6b-GFP; n=1). Col-0 aca8 aca10 aca8 aca10 ** Figure S3 . Developmental phenotypes of aca mutant plants. A. Photographs present inflorescence height and root growth of the indicated genotypes including the tilling allele aca8Q70*. B. Measurement of primary root growth of 8 days old seedlings, and C. number of lateral roots per cm primary root of 14 days old in vitro-grown seedlings of the indicated genotypes. Error bars indicate standard error based on n = 25 samples, asterisks indicate significant differences at p<0.01 based on T-test. D. Detailed view on the stem cell area of Col-0 wild type and aca8 aca10 mutant root apical meristems, 3 days after germination. Starch granules in columella cells are visible as pink dots. Note the presence of starch granules in columella stem cells in the aca8 aca10 meristem (arrow) as sign of perturbation of stem cell identity. For root phenotypic analysis, starch granules in the columella root cap were visualized with 1% Lugol solution (MERC, Germany). Seedlings were stained for 3 min, rinsed with water, cleared with chloral hydrate and analyzed using differential interference contrast optics on a Olympus BX53 light microscope and imaged using a Nikon DS-Fi1 digital camera (Lee et al., 2007) . Figure S6 . Altered gene expression in aca8 aca10 mutants. Overlap of genes up-regulated (A) and down-regulated (B) in aca8 aca10 and upon elicitation with flg22 and oligogalacturonides (OG). Genes represented show at least two-fold regulation (p<0.05) within 1 hr after MPMP treatment according to Denoux et al. (2008) . Nine aca8 aca10 de-regulated genes were removed from the analysis because they were not present in the Denoux et al. (2008) study. The tool used for the Venn diagrams is available at "Venny" http://bioinfogp.cnb.csic.es/tools/venny/index.html. C. Flg22-induced CPK5-and CPK11-dependent expression of aca8 aca10 de-regulated genes (asterisks) according to Boudsocq et al. (2010) . Figure S8 . Expression analysis of defence marker genes. Quantitative real-time PCR monitoring transcript levels of the indicated genes in Col-0, aca8 aca10 and aca8 aca10 ACA8-GFP plants. Genes in this analysis were not included by Boudsocq et al. (2010) . Actin was used as control. Error bars indicate standard deviations based on n = 3 biological experiments with each three technical replicates; asterisks indicate significant differences between Col-0 and aca8 aca10 at p<0.05 (*) and p<0.01 (**) based on Student´s T-test.
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